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(54) Fluid conveying tube and vehicle cooler provided therewith 



(57) A fluid conveying tube (10) included in a vehicle 
cooler comprises on its inside first and second opposite 
longitudinal primary heat exchange surfaces (1V, 12'), 
and flow-directing surface structures (16) which are ar- 
ranged on the primary surfaces (1V, 12*). Each surface 
structure (1 6) comprises a plurality of elongate directing 
elements (15) projecting from the primary surfaces (11\ 
12'). The surface structures (16) are alternatingly ar- 
ranged on the first and second primary surfaces (1V, 
12') in such manner that directing elements (15), suc- 



ceeding in the longitudinal direction (L) of the primary 
surfaces (1 1 \ 12'), are alternatingly arranged on the first 
and second primary surfaces ( 1 V, 1 2') and are mutually 
inclined at a given angle (y). Each surface structure (16) 
comprises a laterally extending row (1 7) of mutually par- 
allel directing elements (15). Thus an input fluid flow is 
divided into a number of parallel partial flows which fol- 
low a respective spiral-shaped flow path through the 
tube, whereby a high heat exchanging capacity is 
achieved. 
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Description 

Technical Field 

[0001] The present invention generally relates to ve- 5 
hide coolers, and in particular to the design of fluid con- 
veying tubes included in such coolers. 

Background Art 

[0002] One type of vehicle cooler, which is, for in- 
stance, disclosed in EP-A1 -0 590 945, comprises a heat 
exchanger assembly which is made up of, on the one 
hand, flat fluid conveying tubes, which are juxtaposed 
to be passed by a first fluid, for instance, liquid circulat- 
ing through an engine block and, on the other, surface- 
enlarging means arranged between the tubes and 
adapted to be passed by a second fluid, e.g. cooling air. 
Each tube has opposite large faces, to which the sur- 
face-enlarging means are applied and which form the 
primary heat exchanging surfaces of the tube. 
[0003] In this type of coolers, it is already known to 
provide the primary surfaces on the inside of the tubes 
with projections with a view to increasing the heat ex- 
change between the fluids. These projections break up 
the insulating, laminar boundary layer which otherwise 
tends to form inside the tube along its primary surfaces, 
at least at low fluid flow rates. The projections can be 
elongate, as known from e.g. US-A-4, 470,452, or cylin- 
drical, as known from e.g. US-A-5,730,21 3. However, 
these constructions are not capable of combining a suf- 
ficiently high heat exchanging capacity with a sufficiently 
low pressure drop in the longitudinal direction of the 
tubes. 

[0004] An alternative embodiment of fluid conveying 
tubes is disclosed in a doctor's thesis published in 1 997 
by Chalmers Institute of Technology entitled "Thermal 
and hydraulic performance of enhanced rectangular 
tubes for compact heat exchangers". Such a tube is 
schematically shown in a plan view in Fig. 1 . The oppo- 
site primary surfaces of the tube have transverse ribs 1 
in zigzag, i.e. surface structures which each consist of 
a number of elongate rib elements 2 which are connect- 
ed to each other in intermediate pointed areas 3. The 
transverse ribs 1 are alternatingly arranged in the longi- 
tudinal direction L of the tube on the opposite primary 
surfaces of the tube, the ribs 1 (full lines in Fig. 1) ar- 
ranged on the upper primary surface being transversely 
offset relative to the ribs 1 (dashed lines in Fig. 1) ar- 
ranged on the lower primary surface. Seen in the longi- 
tudinal direction L of the tube, the succeeding rib ele- 
ments 2 are arranged alternatingly on the opposite pri- 
mary surfaces and have a given mutual angle. Thus, the 
rib elements 2 will direct the flow of the first fluid through 
the tube to generate a swirling motion about the longi- 
tudinal axis of the tube, as schematically shown in the 
end view in Fig. 2. More specifically, the input flow is 
divided into a number of parallel partial flows 4 to which 



a spiral motion is imparted when passing through the 
tube, each partial flow 4 having an opposite rotation rel- 
ative to the adjoining partial flows 4. By means of such 
partial flows, the boundary layer adjacent to the primary 
surfaces is broken up and a better circulation of fluid is 
provided between the centre portions and wall portions 
of the tube. All this results in a potentially high heat ex- 
changing capacity of the tube. It has, however, been 
found that it is difficult to provide connected ribs in zig- 
zag shape by means of today's manufacturing tech- 
nique, and therefore there is in practice a gap in the 
pointed areas 3 between the rib elements 1 . 
[0005] Vehicle coolers with this type of "spiral -flow 
tubes" have been found to have a high heat exchanging 
capacity also at relatively small flows through the tubes, 
which is often desirable, for instance, in vehicle coolers 
for truck engines with air charging or boosting, since 
these vehicles can generate large quantities of heat also 
at low speeds of the engine. 

[0006] The above construction is, however, in its in- 
fancy, and needs to be further developed to optimise its 
capacity. 

Summary of the Invention 

[0007] It is an object of the present invention to pro- 
vide an improved fluid conveying tube, i.e. a tube which 
for a given size has a higher capacity of heat exchange 
and/or a lower pressure drop than ordinary construc- 
tions, in particular when relatively small fluid flows are 
passing through the same. 

[0008] It is also an object to provide a fluid conveying 
tube with a small risk of clogging. 
[0009] Yet another object is to provide a fluid convey- 
ing tube which is simple to manufacture. 
[0010] These and other objects, which will appear 
from the description below, have now completely or par- 
tially been achieved by means of a fluid conveying tube 
and a vehicle cooler according to appended claims 1 
and 13, respectively. Preferred embodiments are de- 
fined in the dependent claims. 

[0011] The inventive construction divides an input flu- 
id flow into a number of partial flows and a swirling mo- 
tion about a respective axis extending in the longitudinal 
direction of the tube is imparted to each partial flow 
Thanks to the fact that the elongate directing elements 
in the surface structures are placed in rows which ex- 
tend laterally over the tube and that the directing ele- 
ments included in the respective rows are mutually par- 
allel, the directing elements can be packed closer to 
each other than in previous constructions. As a result, 
more partial flows can be obtained in the tube for a given 
width of the primary surfaces of the tube. This has been 
found to result in a higher heat exchanging capacity than 
in previous constructions, in particular at small fluid 
flows through the tube. The inventive tube can easily be 
provided with suitable directing elements, for instance, 
by embossing a blank to form elongate recesses or pits 
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in the large faces of the tube. 
Brief Description of the Drawings 

[0012] Below, the invention and its advantages will be s 
described in more detail with reference to the accompa- 
nying schematic drawings, which by way of example, 
show presently preferred embodiments of the invention. 
[0013] Figs 1-2 are a plan view and an end view, re- 
spectively, of a fluid conveying tube according to prior- 
art technique. 

[001 4] Figs 3-8 are different views of a fluid conveying 
tube according to the invention, Fig. 3 being an end view 
thereof, Fig. 4 being a plan view of a part thereof, Fig. 

5 being a sectional view along the line V-V in Fig. 4, Fig. 

6 being a longitudinal sectional view along the line VI- 
VI in Fig. 4, and Figs 7-8 being transverse sectional 
views along the line VI I -VI I and VIM-VIM, respectively, in 
Fig. 4. 

[001 5] Figs 9-10 are an end view and a plan view, re- 
spectively, of an inventive fluid conveying tube of dual- 
channel type. 

Description of Preferred Embodiments 

[001 6] Figs 3-8 show a preferred embodiment of a flu- 
id conveying tube 10 according to the invention. The 
tube 10 is suitably made of a metal material, usually an 
aluminium material. As appears from Fig. 3, the tube 10 
is flat and has two opposite large faces 11, 12, which 
are substantially plane. The large faces 11, 12 are con- 
nected via two opposite, curved short sides 13, 14. 
When the tubes 1 0 are mounted in a vehicle cooler, sur- 
face-enlarging means (not shown), for instance folded 
laminae, are brought into abutment against the large 
faces 11 , 12. The principal heat exchange between the 
medium flowing through the tubes 10 and the medium 
flowing through the surface-enlarging means about the 
outside of the tubes 1 0 thus takes place via these large 
faces 11 , 12. The large faces 11,12 form two opposite 
primary heat exchange surfaces 11 ', 1 2' on the inside of 
the tube 10. As appears from Figs 4-8, the primary sur- 
faces 11', 12' are provided with a number of projecting, 
flow-directing elements 15, which are called dimples, in 
the form of small pits on one side of the large faces 11 , 
12 of the tube 10, said pits forming corresponding pro- 
jections on the opposite side thereof. These dimples 
can, for instance, be formed by embossing a blank, 
which is subsequently formed into the flat tube 10. The 
height F (see Fig. 6) of a dimple 15 is typically about 
0. 1 -0.3 mm, which substantially corresponds to the ma- 
terial thickness of the tube. 

[0017] The dimples 15 are elongate and inclined rel- 
ative to the longitudinal direction L of the tube 1 0. In ad- 
dition, the dimples 15 are arranged in a number of sur- 
face structures or groups 16 on the respective primary 
surfaces 1V, 12'. Fig. 4 shows the dimples 15 on the 
upper primary surface 11' in full lines and the dimples 



15 on the lower primary surface 12' in dashed lines. Be- 
low, the groups 16 of dimples 15 on the left-hand side 
of the centre line C-C of the tube 10 will first be dis- 
cussed. It is evident from the plan view in Fig. 4 that the 
groups 16 of dimples 15 on the upper and lower primary 
surfaces 11', 12* are relatively offset in the longitudinal 
direction L, so that the tube 10 in cross-section lacks 
opposite dimples 15 (see Figs 6-8). This makes it pos- 
sible to avoid clogging of the tube 10. The groups 16 of 
dimples 15 are thus altematingly arranged on the upper 
and lower primary surfaces 1V, 12' seen in the longitu- 
dinal direction L. Each group 16 consists of a first and 
a second transverse row 17, 16 of inclined dimples 15. 
Within the respective rows 17,18 all dimples 1 5 are mu- 
tually parallel. The dimples 15 in the first row 17 are in- 
clined relative to one short side 1 3 of the tube 10 at an 
angle a relative to the longitudinal direction L, whereas 
the dimples 1 5 in the second row 1 8 are inclined relative 
to the second, opposite short side 14 of the tube 10 at 
an angle p relative to the longitudinal direction L. The 
dimples 15 in the first row 17 and the dimples 15 in the 
second row 18 thus have a mutual inclination angle of 
7^180°-a-p. Furthermore, the dimples 15 in the second 
row 18 are laterally offset relative to the dimples 15 in 
the first row 17, suitably such that the ends 19 of the 
dimples 15 in the first row 17, seen in the longitudinal 
direction L, are located in alignment with the ends 19 of 
the dimples 15 in the second row 18. Seen in the longi- 
tudinal direction L, i.e. in the main flow direction of a fluid 
through the tube 10, succeeding dimples 15 are alter- 
natingly arranged on the upper and lower primary sur- 
faces 1 1 \ 1 2\ at least along a line through the centre of 
the dimples 15 (cf. the line VI-VI in Fig. 4). Moreover, 
such succeeding dimples 15 are mutually inclined at an 
angle y. 

[0018] In a fluid conveying tube according to Figs 3-8, 
an input flow of a fluid will be divided into a number of 
partial flows, to which, while directed by the inclined dim- 
ples 15, is imparted a swirling motion about a respective 
axis extending in the longitudinal direction L of the tube 
10. Each set of dimples 15 parallel with the longitudinal 
direction L of the tube 10 thus forms a virtual channel, 
in which the fluid performs a spiral motion. Thanks to 
the fact that the dimples 15 in the respective rows 17, 
1 8 are mutually parallel, they can be placed in a compact 
pattern on the primary surfaces 1 1 \ 1 2' but still form well- 
defined virtual channels for the input fluid. 
[0019] In the embodiment according to Figs 3-8, the 
tube 10 has groups 16 of dimples 15 on both sides of 
its centre line C-C, but for reasons of manufacture there 
are no dimples 15 in the area round the actual centre 
line C-C. The reason for this is that today's manufactur- 
ing technique requires the application of an abutment 
member centrally on the blank during the embossment 
of the same. Furthermore, in the shown example the 
dimples 15 in the groups 16 on each side of the centre 
line C-C are mutually mirror-inverted. It should, howev- 
er, be noted that the groups 1 6 can have the same ap- 
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pearance on both sides of the centre line C-C. If admit- 
ted by the manufacturing technique, it is actually pre- 
ferred that the dimples 15 extend continuously trans- 
versely of the primary surfaces IV, 12' between the 
short sides 1 3, 14. It should, however, be noted that the 
rows 17, 18 of dimples 15 do not have to extend per- 
pendicularly to the longitudinal direction L of the tube 
10, but can also extend obliquely over the surfaces 11\ 
12*. 

[0020] It has been found that the dimensioning and 
positioning of the dimples 1 5 on the primary surfaces 
11', 1 2' of the tube 1 0 influence the capacity of the tube 
10 as concerns the heat exchanging capacity and pres- 
sure drop. Parameters which have been investigated 
are the angles of inclination a and (J of the dimples 10 
(see Fig. 4), the distance B between succeeding dim- 
ples 10 in the longitudinal direction L (see Fig. 4), the 
distance C between succeeding dimples 15 on the re- 
spective primary surfaces 11', 12' in the longitudinal di- 
rection L (see Fig. 4), the height F of the dimples 1 5 from 
the primary surfaces 1V, 12' (see Fig. 5) and the length 
A of the dimples 15 (see Fig. 5). 
[0021] It has then been found that the angles a and p 
are preferably equal. Furthermore, the angles a and p 
should be in the range of about 40-80°, and preferably 
in the range of about 45-75°. Currently, the most pre- 
ferred value of a and (5 is about 45°, which means that 
succeeding dimples are substantially mutually perpen- 
dicular. 

[0022] Furthermore, it has been found that suitably 
the distance C is twice the distance B, i.e. that all dim- 
ples 15 succeeding in the longitudinal direction L of the 
tube 10 have a constant mutual centre-to-centre dis- 
tance. 

[0023] When the tube 1 0 is to be passed by a fluid in 
the form of a liquid, e.g. water, the following preferred 
dimensions have been found. For a liquid flowing 
through the tube at a mean rate of about 0.8-2.2 m/s, 
the relation between the distance B and the height F of 
the dimples 15 should be in the range of about 10-40, 
and preferably about 15-30. At the minimum limit value, 
the pressure drop along the tube will be undesirably 
high, and at the maximum limit value the heat exchang- 
ing capacity through the primary surfaces will be unsat- 
isfactorily low. In a tube 10 having a distance G between 
the primary surfaces 11', 12' of 0.8-2.8 mm, the relation 
between the length A of the dimples 15 and height F of 
the dimples 15 should be in the range of about 4-14. At 
the minimum limit value, the pressure drop along the 
tube 10 will be undesirably high, and at the upper limit 
value the heat exchanging capacity through the primary 
surfaces 1V, 12' will be unsatisfactorily low Further- 
more, the relation between the mutual distance G of the 
primary surfaces 1V, 12' and the height F of the dimples 
1 5 should be at least about 2.5. This is preferred in tubes 
having a mutual distance between the primary surfaces 
1V, 1 2' of 0.8-2.8 mm in order to avoid clogging when a 
liquid flows through the tube at a mean rate of about 



0.8-2.2 m/s. 

[0024] When the tube is to be passed by a fluid in the 
form of a gas, e.g. air, it has been found that the relation 
between the distance B and the height F of the dimples 

5 1 5 should be in the range of about 25-65, and preferably 
about 35-55. At the minimum limit value, the pressure 
drop along the tube will be undesirably high, and at the 
maximum limit value the heat exchanging capacity 
through the primary surfaces will be unsatisfactorily low. 

io [0025] Figs 9-10 show an alternative embodiment of 
a fluid conveying tube. Parts having corresponding parts 
in Figs 3-4 have the same reference numerals and are 
not described in more detail. The tube 100 contains two 
separate fluid ducts or channels 101, 102 which are sep- 

'5 arated by a partition wall 103. The tube 100 is suitably 
formed by bending a blank provided with dimples. The 
pattern of dimples 15 on the large faces 11, 12 of the 
tube 100 is substantially identical with the pattern on the 
tube 10 in Fig. 4, and therefore corresponding advan- 

20 tages are achieved. 

[0026] It should be noted that the inventive tube is ap- 
plicable to all types of vehicle coolers having tubes ar- 
ranged in parallel for cooling fluids, i.e. liquids or gases, 
such as liquid coolers, charge-air coolers, condensers 

25 and oil coolers. 



Claims 

30 1 . a fluid conveying tube for vehicle coolers, which on 
its inside comprises first and second opposite lon- 
gitudinal primary heat exchange surfaces (1 1 ', 1 2'), 
and flow-directing surface structures (1 6) which are 
arranged on the primary surfaces (1V, 12') and 

35 which each comprise a plurality of elongate direct- 
ing elements (15) projecting from the primary sur- 
faces (11', 12*), the surface structures (16) being al- 
ternatingly arranged on the first and second primary 
surfaces (1V, 12') in such manner that directing el- 

40 ements (15), succeeding in the longitudinal direc- 
tion (L) of the primary surfaces (11 \ 12*), are alter- 
natingly arranged on the first and second primary 
surfaces (1 V, 12') and are mutually inclined at a giv- 
en angle (?), characterised in that each surface 

45 structure (16) comprises a laterally extending first 
row (17) of mutually parallel directing elements (15). 

2. A fluid conveying tube as claimed in claim 1 , where- 
in at least one end (19) of each directing element 

50 (15) in said surface structure (1 6) is arranged, seen 
in the longitudinal direction (L) of the primary sur- 
faces (IV, 12'), essentially in alignment with one 
end (19) of another directing element (15) in said 
surface structure (16). 

55 

3. A fluid conveying tube as claimed in claim 1 or 2, 
wherein each surface structure (16) comprises a 
laterally extending second row (18) of mutually par- 
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allel directing elements (15), the directing elements 
(15) of the second row (18) being arranged at said 
angle (y) relative to the directing elements (1 5) of 
the first row (17). 

4. A fluid conveying tube as claimed in claim 3, where- 
in at least one end (19) of each directing element 
(15) of the first row (17) is arranged, seen in the lon- 
gitudinal direction (L) of the primary surfaces (IV, 
12'), essentially in alignment with one end (19) of 
an associated directing element (15) of the second 
row (18). 

5. A fluid conveying tube as claimed in claim 3 or 4, 
wherein the directing elements (15) are laterally rel- 
atively offset in the first and second rows (17, 18). 

6. A fluid conveying tube as claimed in any one of the 
preceding claims, wherein said angle (y) is about 
20-100°, preferably about 30-90°, and most advan- 
tageously about 90°. 

7. A fluid conveying tube as claimed in any one of the 
preceding claims, wherein said row or rows (17, 18) 
extend perpendicularly to the longitudinal direction- 
(L) of the primary surfaces (1V, 12'). 

8. A fluid conveying tube as claimed in any one of the 
preceding claims, which is designed to be passed 
by a liquid, wherein the centre-to-centre distance 
(B) between directing elements (15) succeeding in 
said longitudinal direction (L) is about 10-40, and 
preferably about 1 5-35, times as large as the height 
(F) of the directing elements (1 5) perpendicularly to 
the primary surfaces (1V, 12'). 

9. A fluid conveying tube as claimed in any one of 
claims 1 -7, wh ich is designed to be passed by a gas, 
wherein the centre-to-centre distance (B) between 
directing elements (15) succeeding in said longitu- 
dinal direction (L) is about 25-65, preferably about 
30-55, times as large as the height (F) of the direct- 
ing elements (15) perpendicularly to the primary 
surfaces (IV, 12'). 

10. A fluid conveying tube as claimed in any one of the 
preceding claims, wherein each elongate directing 
element (15) has a length (A) which is about 4-14 
times as large as its height (F) perpendicularly to 
said primary surface (1V, 12'). 

11. A fluid conveying tube as claimed in any one of the 
preceding claims, wherein the distance (G) be- 
tween said primary surfaces (1V, 12') is at least 
about 2.5 times as large as the height (F) of the di- 
recting elements (1 5) perpendicularly to said prima- 
ry surfaces (11 ', 12'). 



12. A fluid conveying tube as claimed in any one of the 
preceding claims, wherein said surface structures 
(16) are arranged and designed to form a number 
of parallel flow paths which extend through the tube 

s and in each of which a swirling motion about a re- 

spective axis extending in said longitudinal direction 
(L) is imparted to a fluid flowing through the tube. 

13. A vehicle cooler comprising a heat exchanger as- 
10 sembly and at least one tank connected to the heat 

exchanger assembly, characterised in that the 
heat exchanger assembly comprises fluid convey- 
ing tubes according to any one of claims 1 -1 2 and 
surface-enlarging means arranged between the 
'5 tubes. 
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